Scientific research should be based on a predetermined research question. On the basis of this question the researcher chooses the type of research that offers the best possibility of answering the research question. If the research question focuses on the onset or course of a disease, the best choice is an observational study design. If the research question focuses on the effectiveness of interventions, an experimental study design or, specifically, a randomised controlled trial is more appropriate. Critical consumers of scientific literature must determine whether the study design chosen is the best design with which to address the research question at issue.
The conduct of scientific experiments symbolises what researchers do. In simple language the word 'experiment' refers to any type of research. For instance, the professional athlete experiments with various makes of sports shoes. However, scientific experiments have a number of specific characteristics which concern how systematic observations are made under controlled conditions. Many scientists stipulate one key characteristic of experiments: the research conditions are manipulated (Rothman and Greenland 1998) . However, ethical considerations and practical problems often make scientific experimentation impossible. For example, it is not ethical to expose people to a risk factor just to be able to study how much influence this factor has on an illness. In many cases, such restrictions make it necessary for researchers to carry out non-experimental (observational) research. There are also methodological considerations which can influence the decision to conduct non-experimental studies.
From this discussion it is clear that there is no rigid hierarchy in the 'strength' of the various study designs, even though a randomised controlled trial is often considered to be the 'strongest' design and case-control studies are often considered the 'weakest'. This simple hierarchy ignores the fact that the research question determines the choice of study design. The differences between experimental and nonexperimental designs will be illustrated using examples of research on low back pain.
Research question
Scientific research should always be based on a predetermined research question. The researchers then choose the type of research that offers the best possibility of answering the research question. Within the field of low back pain many research questions are still to be answered. For example, it is not yet known why some people who do not receive therapy recover from their back pain and some do not. We also still do not know which factors really induce low back pain, or which factors can prevent low back pain. There are also many unanswered questions with regard to the most optimal type of therapy. Some types of therapy are discouraged (e.g. more than two days of bed rest), but questions about the optimal therapy remain unanswered (Van Tulder et al 1999) .
Non-experimental research
If the research focuses on the prevalence or the incidence of low back pain, observational (descriptive) studies are most appropriate. 'Observational' means that the researcher does not interfere with events, but charts them systematically. In this way, Frymoyer reported that 60-90% of the general population had had an episode of low back pain at some time, and that the annual incidence of low back pain was 5% (Frymoyer 1988) . Such studies can also investigate specific populations. For instance, Van Ravensberg and colleagues found that 27% of the patients who visited a physiotherapist had back complaints (van Ravensberg, Oostendorp and Elvers 1995) .
Cohort studies An unanswered question in the field of low back pain concerns the impact of work-related factors. To be able to give a valid answer to this question, the researcher could carry out a specific type of observational study, a cohort study, in which a group of people (cohort) is monitored over time. Important aspects of a cohort study are appropriate selection of subjects from the study population, exposure measurement, and follow-up measurement. Figure 1 shows the basic design of a cohort study.
If a cohort study is carried out to investigate the relationship between work-related factors and the onset of low back pain, appropriate selection implies, in particular, that people who participate in the study should not have low back pain at the start of the study. Subsequently, by means of inclusion and exclusion criteria, the researcher will try to select as specifically as possible those people about whom he or she wishes to make a statement. For instance, the researcher can restrict the investigation to people in a certain age group so that the influence of age will not be a confounder. In any case, if people also have a high risk of low back pain because of their age, it is no longer possible to study the pure relationship between work-related factors and low back pain. The exposure measurement (extent of exposure) will take place after inclusion. This will focus on factors in which the researchers are interested, e.g. heavy and frequent lifting, lifting with trunk rotation, or the work-stress that is experienced. Follow-up measurements record who has and who has not developed low back pain. It is then possible to calculate the magnitude of the risk of developing back pain, for instance among workers who are exposed to heavy and frequent lifting and those who are not.
At this point it is worthwhile mentioning the concept of 'confounding'. Within the context of a cohort study, confounding is distortion of the observed relationship between a particular risk factor and the development of the complaint at issue due to one or more other risk factors. A factor is a confounder if it: a) is a risk factor for the complaint in question, and b) appears to be distributed unevenly over the categories of the risk factor being studied (Rothman and Greenland 1988) . For instance, the fact that some people are exposed to heavy and frequent lifting is an important potential confounder when the aim of the research is to find out whether there is a relationship between posture abnormalities in the spine and low back pain. Of course, heavy and frequent lifting is related to low back pain, and it is also possible that there is an association between the factor of heavy and frequent lifting and posture abnormalities. A few steps can be taken to minimise confounding in the design of a study (e.g. by ensuring that the potential confounder is divided equally over the various groups by means of 'matching'). It is also possible, to some extent, to adjust in the analysis for confounders.
One advantage of a cohort study is its prospective character: the risk factors are usually measured before the onset of the complaints. Moreover, measurements are performed at individual level so that the researchers can determine precisely which participants are exposed and whether these are the people who eventually develop back pain. However, a cohort study also has limitations. For instance, determining the length of the follow-up is often a problem: for how long must a person be exposed to heavy and frequent lifting before getting low back pain? Investigating a rare disease with a cohort study is not very efficient, because a great number of people would have to be monitored in order to eventually identify only a few cases. A cohort study is, however, an appropriate design with which to investigate rare exposure factors, because these can be selected. Another disadvantage is that this type of research takes a long time and the researchers should really already have some idea of which risk factors can play a role.
Case-control studies Some researchers avoid this disadvantage by 'turning the study around'. Instead of monitoring healthy individuals over time (prospectively) they use a retrospective approach. They include cases (in our example, patients who already have low back pain) that represent cases from some hypothetical population that produced the cases that were selected. Then, the objective in selecting controls is to choose individuals representative of those who, had they developed the disease, would have been selected as cases. Additionally, it is of major importance to select these controls independently of the risk factor under study. Once cases and controls are selected the measurement goes 'back in time' in order to identify the potential risk factors. This is called case-control design and an example is illustrated in Figure 2 .
Case-control studies are obviously a much quicker (and cheaper) research method because it is not necessary to wait until the participants develop low back pain. However, this study design introduces additional sources of bias. For instance, there is the possibility of recall bias: how many people can correctly assess how much stress they experienced in their work five years ago? In other words, when risk factors are measured subjectively there is the possibility of bias because the measurements may be influenced by disease itself. If the risk factor can be measured objectively, and cannot be modified by the disease itself, this is less of a problem. (An example may be measurements of body height.) Table 1 summarises the main differences between a cohort study and a case-control study.
Pre-experimental research
So far the research questions we have examined have focused on the course or onset of low back pain. Another type of research question focuses on the effectiveness of therapy, for example: 'What is the effect of physiotherapy on patients with low back pain?' In the first instance, when it is not known at all what effects the therapy has on patients, researchers could study the course of low back pain over time in people who receive a certain type of therapy. The researchers select patients with low back pain, describe the patients' main characteristics, record the baseline situation, and then describe the situation when the therapy has been completed. This type of research is often referred to as preexperimental research, because there is no control group. The clinical outcomes are known in patients who received the therapy, but the outcome can not solely be attributed to the therapy. Perhaps the course would have been the same if the patients had received a different type of therapy, or had simply awaited the natural course of events. In addition, measurement errors could suggest that there was an effect even though this was not the case.
Quasi-experimental research
Alternatively, the researcher could also monitor a group of patients who do not receive the therapy: a control group. This potentially allows the researcher to determine if the outcomes are better with therapy than without therapy. However, there is a problem when control groups are assembled from naturally existing groups because then it is often unclear what procedure is responsible for the fact that some patients receive the therapy and others do not. Studies which assemble naturally existing control groups are sometimes referred to as quasi-experimental research. A quasi-experimental study which, for example, compares outcomes in patients referred for exercise therapy with those who were not referred for therapy may be biased by the referral procedure. In fact, patients the general practitioner considered to be 'serious' cases were probably referred to the physiotherapist, whereas the mild cases may not have been referred. For this reason the two groups were not comparable at the start of the study. This can be taken into account to a certain extent in the analysis, but it is better if the researcher ensures that the groups are comparable at the start of the study (that is, it is better if the researcher manipulates who is in the therapy and control groups). Figure 3 shows the basic design of pre-experimental and quasi-experimental studies. back pain. Figure 4 shows the basic design of a randomised controlled trial.
Experimental research

Randomised controlled trials
First of all, as in observational research, suitable people must be included. Subsequently the researcher must ensure that, by means of a randomisation procedure, each patient has an equal chance of being allocated to one of the two groups. In principle randomisation ensures that at the start of the study the two groups are comparable, which implies that the people in both groups, on average, have an equal chance of recovery. After the intervention the researcher evaluates the effect of both types of treatment, using predetermined measurement instruments. In order to evaluate the long-term effects as well, a follow-up measurement often takes place after several months (depending on the research question).
Specific features of observational studies and experimental studies will be considered in more detail in subsequent Research Notes.
